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© Fine flaky boehmite particles and process for the preparation of the same. 

© Fine flaky boehmite particles which have an or- 
thorhombic crystal form and a specified crystal face 
growing in the form of a flat plate, and a process for 
the preparation of fine flaky boehmite particles which 
comprises subjecting aluminum hydroxide or hy- 
drated alumina having a particle size adjusted to the 
order of submicron to hydrothermal treatment in 
water or an aqueous alkali solution at a temperature 
of 150*C or above under a pressure of 100 atm or 
below. The fine flaky boehmite particles are useful 
as a starting material for the preparation of fine flaky 
alumina particles or as a filler suitable for a pigment 
for coating materials, a filler for rubbers and plastics 
and a coating material for paper making. 
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BACKGROUND OF THE INVENTION 

1. Field of the I nvention 

The present invention relates lo fine flaky 
boehmite particles which are useful as the starting 
material lor the preparation of fine flaky alumina 
particles or as a filler suitable for a pigment for 
coating materials, a filler for rubbers and plastics 
and a coating material for paper making, and a 
process for efficiently preparing the boehmite par- 
ticles by hydrothermal treatment. 



2. Description of the Prior Art 

Up to this time, various fine boehmite particles 
and various processes for the preparation thereof 
have been known and examples of such processes 
include one which comprises conducting pyrolysis 
of aluminum hydroxide as a starting material in the 
atmosphere to remove part of the water of cry- 
stallization, thereby forming a boehmite phase, and 
one which comprises conducting hydrothermal 
treatment of aluminum hydroxide in a hermetically 
sealed vessel to form a boehmite phase. 

Although the boehmite particles prepared by 
the above processes can be finely ground me- 
chanically by the use of, e.g., a ball mill, into fine 
particles having a size of the order of submicron, 
these processes are problematic in that the ob- 
tained particles tend to become globular and fine 
flaky particles are difficult to obtain. 

Of the above processes for preparing fine 
boehmite particles, the pyrolysis process has an- 
other problem that when the aluminum hydroxide 
to be used as the starting material is contaminated 
with fine particles, no boehmite phase is formed, 
but chi-alumina (x-AI 2 0 3 ), which is one of transition 
aluminas, is formed to lower the yield of boehmite 
particles. On the other hand, the hydrothermal 
treatment process has another problem that the 
formed boehmite particles are in the form of a tight 
aggregate of rhombic prisms and cannot give fine 
flaky particles even when they are finely ground. 

SUMMARY OF THE INVENTION 

Under these circumstances, the present inven- 
tion aims at providing fine flaky boehmite particles 
which can be converted into fine flaky alumina 
particles and is useful as a filler for various materi- 
als, and a process for preparing the boehmite 
particles efficiently. 

The first invention according to the present 
invention relates to fine flaky boehmite particles 
which have an orthorhombic crystal form and a 
specified crystal face grown in the form of a flat 
plate. The major and minor axes of the particles 



are preferably both 5 urn or less, more preferably 
in order of submicron (less than 1.0 urn). The ratio 
of the major axis to the minor axis is preferably 
between 1 and 5, more preferably between 1 and 
5 1.5. Further, the aspect ratio (i.e., ratio of minor 
axis to thickness) is between 3 and 100. 

The second invention according to the present 
invention relates to a process for the preparation of 
fine flaky boehmite particles which comprises sub- 
io jecting aluminum hydroxide or hydrated alumina 
having a particle size adjusted to the order of 
submicron to hydrothermal treatment in water or an 
aqueous alkali solution at a temperature of 150'C 
or above under a pressure of 100 atrn or below. 

75 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing the relationship 
between the particle size of a starling material and 
20 that of boehmite particles formed therefrom. 

FIG. 2 is a graph showing the relationship 
between the mean particle size of boehmite par- 
ticles formed and the temperature of hydrothermal 
treatment. 

25 FIG. 3 is a graph showing the relationship 

between the mean particle size of boehmite par- 
ticles formed and the pressure of hydrothermal 
treatment. 

FIG. 4 is an illustration of the powder prepared 
30 in the Example. 

FIG. 5 is an enlarged view of particles con- 
stituting the powder prepared in the Example. 

DETAILED DESCRIPTION OF THE PREFERRED 
35 EMBODIMENTS ~ 

In the process of the present invention, alu- 
minum hydroxide or a hydrated alumina such as 
alumina hydrate or alumina gel, the particle size of 
to which has been adjusted to the order of submicron 
by grinding in a ball mill or the like, is used as the 
starting material, and the starting material is filled 
in a hermetically sealed autoclave together with 
water or an aqueous alkali solution such as an 
45 aqueous solution of caustic soda or sodium car- 
bonate to conduct hydrothermal treatment. The ad- 
justment of the particle size of . the aluminum hy- 
droxide or hydrated alumina (i.e., alumina gel which 
is a partially amorphous hydrated alumina) to the 
so order of submicron is necessary for forming boeh- 
mite particles having a size of the order of sub- 
micron finally and much contributes to making the 
boehmite particles flaky. The temperature and 
pressure must be controlled during the hydrother- 
55 mal treatment so as to fall within such a region of 
the phase diagram of Al 2 0 3 -H 2 0 that a boehmite 
phase can be present stably. The temperature 
must be adjusted to 150'C or above during the 
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hydrothermal treatment, because no boehmite can 
be formed at a temperature below 150*C. Although 
the upper limit of the temperature is not particularly 
set, a boehmite phase is converted into an a* 
alumina phase when treated at a temperature of as 
high as 350 *C or above over a long period of time, 
so that it is unfavorable in respect of the formation 
of a boehmite phase to conduct the hydrothermal 
treatment at too high a temperature. Further, when 
it is necessary to prepare only fine flaky boehmite 
particles, the control is difficult. Accordingly, it is 
preferable that the temperature of the hydrothermal 
treatment be 150'C or above but below 350*0. 
Within such a temperature range, a higher tem- 
perature gives a higher rate of formation of a 
boehmite phase to give fine particles in a short 
time, while a lower temperature gives a lower rate 
of formation thereof and necessitates prolonged 
treatment to result in coarser particles, though the 
particles obtained in any case have a flaky shape. 
Further, the hydrothermal treatment must be con- 
ducted under a pressure of 100 atm or below, 
because the particles prepared under a pressure 
exceeding 100 atm are thick and coarse. The hy- 
drothermal treatment under a high pressure ex- 
ceeding several hundred atmospheres gives rise to 
not a boehmite phase but to a diaspore phase. The 
lower limit of the pressure is preferably 10 atm, 
because no hydrothermal system holds in the open 
system. 

According to the process of the present inven- 
tion, fine boehmite particles whose crystal form is 
orthorhombic and in which a specified crystal face 
grows in the form of a flat plate can be prepared. 
The thus obtained boehmite particles preferably 
have a major axis of 5 urn or less and a minor axis 
of 5 am or less (both more preferably of the order 
of submicron), a ratio of the major axis to the minor 
axis of from 1 to 5 (more preferably from 1 to 1.5), 
a thickness of less than 0.1 urn and an aspect ratio 
(ratio of the minor axis to the thickness) of from 3 
to 100. The boehmite particles prepared according 
to the present invention are useful as a (raw) ma- 
terial for preparing fine flaky alumina particles, a 
pigment for coating materials, a filler for rubbers 
and plastics, a coating material for paper making 
and so forth. 

The present invention will now be described 
more specifically by referring to the following Ex- 
amples. 

Example 1 

A predetermined amount of pure water was 
added to 10 g of aluminum hydroxide obtained by 
Bayer Process and having a particle size adjusted 
to a predetermined median diameter in a ball mill 
to form a slurry. This slurry was filled in a small- 



sized autoclave and subjected to hydrothermal 
treatment at 300* C under a pressure of 65 kg/cm 2 . 
The obtained product was washed with water, fil- 
tered and dried to give boehmite particles. The 
5 relationship between the mean particle size (the 
average of the major axis and minor axis; the same 
shall apply hereinunder) of product (boehmite par- 
ticles) and that of starting material (aluminum hy- 
droxide particles) was determined by the use of the 
10 boehmite particles prepared by the above process. 
Each mean particle size was determined by mea- 
surement of particle size distribution and observa- 
tion under a scanning electron microscope. The 
results are given in FIG. 1. 
75 It can be understood from FJG. 1 that the 

boehmite particles prepared by hydrothermal treat- 
ment tend to become more coarse with an increase 
in the particle size of the starting material 
(aluminum hydroxide). 
20 Boehmite particles were prepared in the same 

manner as that described above except that alu- 
minum hydroxide having a mean particle size ad- 
justed to 0.7 urn was used and that the hydrother- 
mal treatment was conducted at predetermined 
25 temperatures. The other conditions were the same 
as those employed above. The relationship of the 
mean particle size of product (boehmite particles) 
and the temperature of hydrothermal treatment was 
determined by the use of the boehmite particles 
30 thus prepared. The results are given in FIG. 2. 

It can be understood from FIG. 2 that the mean 
particle size of boehmite particles tends to become 
smaller with a rise in the temperature of hydrother- 
mal treatment. Such a tendency was observed with 
35 respect to the thickness of the particles. Further, it 
can be understood that when the hydrothermal 
treatment is conducted at a temperature lower than 
150*C, gibbsite is formed, while when it is con- 
ducted at 350 # C or above, a-alumina is formed. 
40 Furthermore, the relationship between the mean 
particle size of boehmite particles and the pressure 
of hydrothermal treatment was determined with the . 
temperature of hydrothermal treatment being kept 
at 300 *C. The results are given in FIG. 3. 
45 It can be understood from FIG. 3 that the mean 

particle size of boehmite particles prepared by 
hydrothermal treatment (hydrothermal synthesis) 
tends to become smaller with a decrease in the 
pressure of hydrothermal treatment and tends to 
so become larger with an increase in the pressure 
thereof, within a pressure range from 10 to 100 
atm. Such a tendency was also observed with 
respect to the thickness of the particles. 

It can be understood from the results described 
55 above that the requirements that the particle size of 
the raw material must be adjusted to the order of 
submicron and that the hydrothermal treatment of 
the resulting raw material must be conducted at a 
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temperature of 150'C or above but below 350 'C 
under a pressure of 10 to 100 atm are necessary 
for preparing fine flaky boehmite particles. The 
boehmite particles obtained under such processing 
conditions were uniformly fine particles having ma- 
jor and minor axes both of the order of submicron 
(less than 1 .0 urn), a major axis : minor axis ratio 
from 1 to 5, a thickness of less than 0.1 um and an 
aspect ratio (ratio of the minor axis to the thick- 
ness) from 3 to 100. Further, it was found that the 
particles had an orthorhombic system and a spe- 
cific crystal face grown in the form of a flat plate. 

The present invention is not limited by the 
conditions employed in the Example 1. 

Example 2 

A predetermined amount of pure water was 
added to 10 g of aluminum hydroxide obtained by 
Bayer process and having a mean particle size 
adjusted to 0.7 um in a ball mil! to form a slurry. 
This slurry was filled in a small-sized autoclave and 
subjected to hydrothermal treatment at 300 • C un- 
der a pressure of 65 kg/cm 2 . The obtained product 
was washed with water, filtered and dried to give a 
boehmite powder. This powder is shown in FIG. 4. 
An enlarged detail of particles constituting the pow- 
der is shown in FIG. 5. It can be understood from 
FIGS. 4 and 5 that the boehmite powder according 
to the present invention is composed of uniform 
particles whose major axis and minor axis were 
both in the order of submicron (less than 1.0 um), 
a thickness of about a little under 0.1 um and an 
orthorhombic crystal system in which a specified 
crystal face grows in the form of a flat plate. 
Further, it was also found that the particles con- 
stituting the above powder had a ratio of the major 
axis to the minor axis of from 1 to 5 and an aspect 
ratio (ratio of the minor axis to the thickness) of 
from 3 to 100. 

The obtained boehmite particles were heated 
in an electric oven at 1300*C for 3 hours. The 
obtained alumina powder was composed of uni- 
formly fine flaky particles of a-AbCb having a par- 
ticle size of about a little under 1.0 um and a 
thickness of about a little under 0.1 um and retain- 
ing the shape of the boehmite particles. 

As described above, the fine flaky boehmite 
particles of the present invention can be converted 
into fine flaky alumina particles through pyrolysis 
which is the easiest industrial means, thus being 
useful. 

Example 3 

Fine flaky boehmite particles were prepared in 
a similar manner to that of the Example 2 and 
added to a coating material as a pigment. The 
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obtained mixture was applied onto a flat plate to 
form a coating film. This coating film was ascer- 
tained to consist of boehmite particles which were 
oriented in the state of several parallel layers in the 
film. By virtue of the presence of the boehmite 
pigment in such a multilayered slate, even when 
the surface layer of the coating film is deteriorated, 
the coating film under the surface layer can be 
protected against deterioration. Further, penetration 
of fluid into the coating film and permeation of gas 
through the film can be hindered to improve the 
resistance of the film to moisture and water. Ac- 
cordingly, the coating film is excellent in weather- 
ing resistance and endurance. 

Example 4 

Fine flaky boehmite particles were prepared in 
a similar manner to that of the Example 2 and 
added to a rubber and a plastic to examine the 
characteristics of the particles as a filler. 

It has been confirmed that the fine flaky boeh- 
mite particles of the present invention are excellent 
in reinforcing properties and hence effective in 
improving the tensile strength, tear strength and 
tensile stress of rubbers and plastics, are homoge- 
neously dispersible in rubbers and plastics 
(polymers) and are excellent in orientation. Further, 
the boehmite particles of the present invention are 
fine and flaky, so that they are excellent in fluidity 
in polymers, mechanical and electrical properties 
and surface finish properties. 

When a polymer filled with the boehmite par- 
ticles according to the present invention is molded, 
the particles are oriented in a certain direction by 
the molding. Thus, the molding operation advanta- 
geously affects the orientation and dispersion of 
the boehmite particles. Particularly, means for 
causing plastic flow, such as stretching and rolling, 
are effective. 

As described above, the fine flaky boehmite 
particles of the present invention are useful for the 
preparation of fine flaky alumina particles and are 
useful as a pigment for coating materials, a filler for 
rubbers and plastics, a coating material for paper 
making and so forth. 

According to the process of the present inven- 
tion, fine flaky boehmite particles which exhibit 
excellent effects in various fields can be prepared 
at high efficiency and uniformity. 

Claims 

1. A fine flaky boehmite particle which has an 
orthorhombic crystal form and a specified cry- 
stal face grown in the form of a flat plate. 
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2. A fine flaky boehmite particle as claimed in 
Claim 1 in which the major and minor axes of 
the particle are both 5 urn or less. 

3. A fine flaky boehmite particle as claimed in 5 
Claim 1 in which the major and minor axes of 

the particle are in the order of submicron. 

4. A fine flaky boehmite particle as claimed in 
Claim 1 in which the ratio of the major axis to 10 
the minor axis of the particle is between 1 and 

5. 

5. A fine flaky boehmite particle as claimed in 
Claim 1 in which the ratio of the major axis to 75 
the minor axis of the particle is between 1 and 

1.5. 

6. A fine flaky boehmite particle as claimed in 
Claim 1 in which the aspect ratio (i.e., ratio of 20 
minor axis to thickness) of the particle is be- 
tween 3 and 100. 

7. A process for the preparation of fine flaky 
boehmite particles which comprises subjecting 25 
aluminum hydroxide or hydrated alumina hav- 
ing a particle size adjusted to the order of 
submicron to hydrothermal treatment in water 

or an aqueous alkali solution at a temperature 

of 1 50 ' C or above under a pressure of 1 00 30 

atm or below. 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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